ABSTRACT. Automobile tires discarded in urban forest fragments may be a public health hazard, as they can support a population of vector mosquitoes. However, little is known about what factors may affect mosquito abundance and diversity within waste tires in a freshwater wetland forest. This study aimed to determine whether mosquito population dynamics in this environment in Florida differed over a year due to the site of collection and variation in vegetation greenness and elevation. We constructed negative binomial regression models to determine which of these characteristics were significant (a ¼ 0.05) in affecting mosquito count data. Our findings suggest that in this specific environment, none of the covariates scrutinized had significant impacts on modulating overall mosquito and Aedes albopictus (the dominant species) abundance; waste tire habitats in urban freshwater wetland forests may be a year-round public health hazard.
Many mosquito species that inhabit tree holes find discarded vehicle tires a supplement to their natural oviposition sites (Haramis 1984, Reiter and Sprenger 1987) . Wetlands can serve as suitable proliferation sites for many mosquito species (Knight et al. 2003) . In Florida, freshwater wetland forests (hereafter referred to as ''swamps'') are fragmenting as landscapes urbanize. Populations of anthropophilic mosquito species will grow as landscapes urbanize, leading to increased mosquito-borne disease transmission Altizer 2007, Bradley et al. 2008) . Therefore, waste tires abandoned in urban swamps may be a public health hazard.
Literature concerning mosquito populations in Florida focuses primarily on those inhabiting artificial containers in laboratories or urban/suburban areas (Livdahl and Willey 1991, Lounibos et al. 2001) . For instance, in many Florida counties, Aedes albopictus (Skuse), an anthropophilic mosquito species capable of vectoring many diseases, became well established in flower-holding containers in urban cemeteries before being discovered in waste tire piles (O'Meara et al. 1992) . Site-specific microclimatic conditions drive Ae. albopictus egg mortality in Florida cemetery vases (Lounibos et al. 2010) . However, it is unknown whether mosquitoes in waste tires experience this similar sensitivity, making mosquito control difficult in that specific habitat. We studied the diversity and abundance of mosquito fauna inhabiting waste tires abandoned in an urban Florida swamp over 1 year to investigate whether there would be variations in mosquito abundance and diversity as a result of collection site and differences in the sites' elevation and normalized difference vegetation index (NDVI) values. We hypothesized that all 3 of these covariates would be significant (a ¼ 0.05) factors in mosquito abundance and diversity.
The study area was the University of South Florida Forest Preserve (USFFP). The USFFP was a 500-acre plot of wetland, hardwood, and sandhill habitat in Tampa, FL. We chose 5 sites to host 4 discarded tires each, standing up against vegetation. Tires ranged in size from 40 to 50 cm in wheel diameter and were barren prior to our study. All Global Positioning System coordinates and elevation measurements were taken from a Garmin eTrext H handheld unit (Garmin Ltd., Olathe, KS). Site A was located at 28.0709008N, 82.3976008W, 3 m above mean sea level (MAMSL); B at 28.0712678N, 82.3896508W, 25 MASML; C at 28.0704338N, 82.3883678W, 18 MAMSL; D at 28.0705178N, 82.3877178W, 7 MASML; and E at 28.0747338N, 82.3889508W, 6 MASML. Sites were !60 m apart and !120 m away from the nearest swamp-urban interface. Most sites featured mature Quercus virginiana Mill. (live oak), Pinus taeda L. (loblolly pine), and Serenoa repens (Bartram) (saw palmetto). Site B differed from the others in that it was composed of saw palmetto, grasses, and younger trees. Nearby freshwater swamps were dominated by Taxodium distichum (L.) (bald cypress).
We checked each tire for 4th instars and pupae every 2 wk from September 2014 to September 2015. We sampled sites D and E until August 2015 because flooding made the sites inaccessible. Sampling involved submerging a dipper cup into a tire, emptying the contents into a white sorting pan, and then putting live mosquitoes into vials for transport to the laboratory. We raised specimens to the adult stage in a mosquito rearing container (item no. 1425; BioQuip Productst, Rancho Dominguez, CA) placed in an incubator set at 23.98C with a 12/12-h light/dark cycle. We fed larvae a ground mixture of sand and TetraMint (Tetra GmbH, Melle, Germany) tropical fish food flakes daily. After all adults emerged, we sacrificed them by freezing the rearing container at À808C. We identified females to species according to the keys by Burkett-Cadena (2013) and Darsie and Morris (2000) , and these data were recorded by site.
A total of 3,725 mosquitoes were collected in this study, of which 1,223 survived to the adult stage. These belonged to 8 species from 4 genera (Fig. 1) . Ae. albopictus comprised 80% of these, Toxorhynchites rutilus (Coq.) 6%, Culex quinquefasciatus Say 6%, Cx. nigripalpus Theobald 3%, Cx. restuans Theobald 2%, Ae. triseriatus (Say) 2%, Ae. aegypti (L.) 1%, and Orthopodomyia signifera (Coq.) ,1%. We composed 1 zero-inflated negative binomial (ZINB) model each for overall mosquito and Ae. albopictus abundance to test whether collection site, NDVI, and elevation were significant (a ¼ 0.05) predictors of adult mosquito count. Then, we constructed a negative binomial (NB) model each for overall and Ae. albopictus count data before running Vuong tests to determine if the ZINB model was a significant improvement over the standard NB model. Next, we conducted Tukey's tests to determine which sites had dissimilar mosquito abundance and diversity patterns. We carried out the analyses in R (R Development Core Team 2008). In both the count and inflation portions of the ZINB model for overall mosquito abundance and diversity, none of the covariates were significant predictors ( Table 1 ). The ZINB model for Ae. albopictus yielded similar results, except in the inflation portion of the model, site was significant at a ¼ 0.10 (P ¼ 0.098) ( Table 1) . The Vuong tests suggested that the ZINB model for overall mosquito abundance and diversity was not a significant improvement over the NB model at a ¼ 0.05 (P ¼ 0.0760), but the opposite was true for Ae. albopictus adult counts (P ¼ 0.0092). The Tukey's test for the overall abundance of mosquitoes revealed that only site A was significantly different from all the other sites: A and B (P ¼ 0.0134), A and C (P ¼ 0.0487), A and D (P ¼ 0.0002), and A and E (P ¼ 0.0060). The test for the abundance of Ae. albopictus indicated significant differences only between sites A and D (P ¼ 0.0012) and A and E (P ¼ 0.0021).
Currently, we do not have a strong evidence explaining why site A was statistically different from all the other sites. However, this study supports the idea that tire-dwelling mosquitoes in swamps may be sheltered from microclimatic conditions that differentiate populations between study sites. Swamp fragments in urban/suburban zones have helped select for mosquito species that are highly anthropophilic, and these areas can serve as ''green islands'' that provide refuge to these species (Wilke et al. 2017) . Automobile tires discarded in these areas occur throughout Florida and provide shelter to vector mosquitoes. Consequently, mosquitoes that inhabit waste tires abandoned in urban Florida swamps may be a year-round, not seasonal, public health hazard. Thus, we recommend constant mon- itoring of vector species in urban swamps and that waste tires in those swamps be removed as public resources allow, because this specific environment may be a danger to public health. 
